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Abstract 


This paper presents a preliminary comparison be- 
tween the two competing channelization concepts for 
the Land Mobile Satellite Services (LMSS), namely 
frequency division (FD) and code division (CD). Both 
random access and demand-assigned approaches are 
considered under these concepts. The CD concept 
is compared with the traditional FD concept based 
on the system consideration and a projected traffic 
model. It can be seen that CD is not particularly at- 
tractive for the first generation Mobile Satellite Ser- 
vices because of the spectral occupancy of the net- 
work bandwidth. However, the CD concept is a viable 
alternative for future systems such as the personal ac- 
cess satellite system (PASS) in the Ka-band spectrum 
where spectral efficiency is not of prime concern. The 
effects of power robbing and voice activity factor are 
incorporated. It has been shown that the traditional 
rule of thumb of dividing the number of raw channels 
by the voice activity factor to obtain the effective 
number of channels is only valid asymptotically as 
the aggregated traffic approaches infinity. 


1 Introduction 


In 1983 the Jet Propulsion Laboratory (JPL), as 
lead center for the National Aeronautics and Space 
Administration (NASA)’s Mobile Satellite Program, 
selected to follow the frequency division (FD) con- 
cept for the Mobile Satellite Experiment (MSAT-X) 
project. One of the main system considerations was 
to offer low cost terminals to the general subscribers. 
The concept of code division (CD) was discussed but 
was not pursued because of the cost and maturity of 
the technology for mobile applications. 


1.1 Resource Sharing Approaches 

There are two basic approaches to utilize these two 
channelization concepts. One is the random access 
approach whereby each subscriber is allowed to trans- 
mit without making explicit requests to a Network 
Control Center (NCC). The other one is the demand- 
assigned approach. Each subscriber must make a con- 
nection request known to the NCC before a transmis- 
sion is granted. In MSAT-X, an Integrated-Adaptive 
Mobile Access Protocol (I-AMAP) governs the op- 
erations of subscribers accessing the network. It is 
an example of the demand-assigned approach using 
the FD concept. The protocol consists of the chan- 
nel access protocol and the connection protocol. The 
channel access protocol is identical to the random ac- 
cess approach without the NCC. The prime objec- 
tive of using I-AMAP was to maximize the number 
of subscribers for the first generation Mobile Satellite 
Services (MSS). 

On May 31, 1989, The Federal Communications 
Commission (FCC) granted the MSS license to the 
American Mobile Satellite Corporation (AMSC). It 
is very likely that AMSC will adopt the FD concept 
for the first generation MSS. Advanced technologies 
developed under MSAT-X might be transferred to 
AMSC. 

Ideally, I-AMAP which is a generic protocol is in- 
dependent of the channelization technique. Results 
derived for the MSAT-X therefore can be directly ap- 
plied to predict the performance of the CD network 
using the I-AMAP under certain conditions. The dif- 
ferences lie in the hardware implementation between 
these two concepts and the throughput of the random 
access technique in making connection requests. 

This paper provides a preliminary analysis between 
these two competing concepts for the MSS from a dif- 
ferent perspective. Previous discussions compare the 
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performance of these two concepts based on the satel- 
lite operating characteristics [1, 2]. Recently the joint 
Qualcomm/PacTel experiment demonstrated the fea- 
sibility of adopting CD concept for the cellular ra- 
dio environment. The concept of CD emerges as a 
promising candidate for designing future MSS. 


1.2 Impacts of Voice Activity 


During a conversation, the gaps between talk spurs 
can be exploited to maximize the utility of satel- 
lite resources. The voice activity factor increases 
the effective number of voice channels. Because the 
voice activity is statistical in nature, the possibility of 
satellite overloading exists. Overloading occurs when 
the number of voice packets arriving at the satellite 
from different active subscribers exceeds the thresh- 
old value, beyond which the satellite will no longer 
be able to provide adequate power amplification for 
each channel. Overloading can result in performance 
degradation, i.e., increased bit error rate (BER) and 
packet errors, and lower voice quality. In case of 
mixed voice and data traffic, overloading can result 
in increased data packet errors and retransmissions. 
The extent of degradation depends on the link charac- 
teristics and is severer for downlink limited channels. 
This paper examines the probability of overloading 
and the resulting degradation for voice only traffic. 
Typical parameter values are based on the current 
personal access satellite system (PASS) design. Re- 
sults will be used to establish the margin (TWT back- 
off) needed to meet the reliability requirement. 

For systems following the CD concept, the statisti- 
cal nature of voice activity also causes the self-noise 
level to vary accordingly. This factor should be con- 
sidered in system design. In this analysis, this effect 
is ignored. 

Section 2 describes the impact on system perfor- 
mance due to voice activity factor, or commonly 
known as the VOX factor, for FD under the demand- 
assigned approach. Section 3 describes the effect 
of VOX on the CD concept. Section 4 relates the 
overloading probability with the satellite transponder 
margin to meet the reliability requirement. Section 5 
presents a framework to compute the throughput of a 
CD network under the random access approach. Sec- 
tion 6 provides a summary. 


2 Effect of VOX on FD Archi- 
tecture 

Let B be the available bandwidth and W be the chan- 
nel spacing for a FD architecture under the demand- 
assigned approach. For voice application, the effect of 
the channel access protocol operated on request chan- 
nels can be ignored. Without loss of generality, the 
total number of available channels, N ty can be written 
as In practice, the available satellite power 

may not be able to support all N t channels. Let P be 
the total RF power and Pj be the power required to 
achieve the bit error rate of y j per FD channel. We 
made a simplified assumption that the channel will be 
error-free whenever the power exceeds Pj . The num- 
ber of channels available under the power constraint 
is then given by N p ^ = ~j. In general N p ^ < N t 

represents a power limited satellite, and N t < N p ^ 
represents a bandwidth limited satellite. 

Let A be the aggregated average call arrival rate 
and (-) be the average call duration. (p is the aver- 
age service rate per call.) If the satellite is bandwidth 
limited, for any given blocking probability a j and 
N t , the scenario can be modeled by a M f M /N t /N t 
queuing model under the Poisson assumption. The 
aggregated traffic that can be supported is given by 
the well known Erlang-B formula, 


where p — 

Equation (1) does not consider that at least half 
of the time either party is listening rather than talk- 
ing. If the satellite is bandwidth limited, we can not 
take advantage of the gaps between talk spurs. How- 
ever, in a power limited satellite, since N p *' < N t , 
the maximum number of channels that carries the 
conversation is smaller than the available number of 
channels N t . During the silence period of a conver- 
sation, the available satellite power Pj can support 
additional channels. In this paper, we consider the 
case of only power limited satellites. 

Consider the same queuing model that the call ser- 
vice rate is increased by a factor of v. This corre- 
sponds to a VOX factor of (-). For a power limited 
satellite, the probability that an incoming call will be 
blocked for a given N p ^ is the probability that a call 
will overload the satellite. 

Let N r be the number of channels required for any 
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given p and 6 0 be the desired overloading probability. 
Then 


So 


£"=<>( £)*F 


( 2 ) 


Note that the total satellite power required is N r Pj. 
If the resulting N r < N^\ the satellite has sufficient 
power to support all N r channels without even con- 
sidering the VOX factor. A more interesting case is 
when N r > Np/\ 


Let 


P = 


Nr_ 

N s 


( 3 ) 


where N s is the number of channels without the VOX 
factor (i.e. v = 1). Table 1 shows the percentage of 
improvement due to VOX factor of 50% for an over- 
loading probability of 5%. Tables 2 and 3 show the 
corresponding improvement for 1% and 0.1%. It is in- 
teresting to observe that as the traffic increases, the 
improvement due to VOX approaches a limit. Specif- 
ically, let 
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As p increases, the summations of both denominators 
are dominated by the last two terms. From (4), for 
large enough p, 
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Rearranging terms in (5), we have 


(3) 


lim 
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( 6 ) 


Figure 1 shows the percentage of improvement due 
to the VOX factor for various traffic conditions. From 
Figure 1, it can be seen that the improvement due to 
the VOX factor approaches a limit as predicted by 
(6). The usual rule of thumb of dividing the num- 
ber of raw channels by the VOX factor to obtain the 
effective number of channels is only asymptotically 
true for heavy traffic conditions. The fluctuation at 
low traffic levels is due to the integral values of the 
number of channels. 


Traffic 

(Erlangs) 

Number of Channels 

( 0)% of 
Improvement 

w/o VOX 

w / VOX 

1.0 

4 

3 

25.0 

11.0 

16 

10 

37.5 

21.0 

27 

15 

44.4 

31.0 

37 

21 

43.2 

41.0 

47 

26 

44.7 

51.0 

57 

31 

45.6 

61.0 

67 

36 

46.3 

71.0 

77 

41 

46.8 

81.0 

87 

46 

47.1 

91.0 

96 

51 

46.9 

101.0 

106 

56 

47.2 

111.0 

116 

61 

47.4 

121.0 

126 

66 

47.6 

131.0 

135 

71 

47.4 


Table 1: Performance Improvement due to VOX of 
50% and <5 q — 3% 


Traffic 

(Erlangs) 

Number of Channels 

(P) % of 
Improvement 

w/o VOX 

w/ VOX 

1.0 

5 

4 

20.0 

11.0 

19 

12 

36.8 

21.0 

31 

19 

38.7 

31.0 

43 

25 

41.9 

41.0 

54 

31 

42.6 

51.0 

65 

36 

44.6 

61.0 

76 

42 

44.7 

71.0 

87 

48 

44.8 

81.0 

97 

53 

45.4 

91.0 

108 

59 

45.4 

101.0 

118 

64 

45.8 

111.0 

129 

70 

45.8 

121.0 

139 

75 

45.7 

131.0 

150 

81 

46.0 


Table 2: Performance Improvement due to VOX of 
50% and <$o = 1% 
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3 Effect of VOX on CD Archi- 
tecture 


Traffic 

(Erlangs) 

Number of Channels 

(/?) % of 
Improvement 

w/o VOX 

w/ VOX 

1.0 

6 

5 

16.7 

11.0 

23 

15 

34.8 

21.0 

36 

22 

38.9 

31.0 

49 

29 

40.8 

41.0 

61 

35 

42.6 

51.0 

73 

42 

42.5 

61.0 

84 

48 

42.9 

71.0 

96 

54 

43.8 

81.0 

107 

60 

43.9 

91.0 

118 

66 

44.1 

101.0 

129 

72 

44.2 

111.0 

141 

78 

44.7 

121.0 

152 

84 

44.7 

131.0 

163 

89 

45.4 


Table 3: Performance Improvement due to VOX of 
50% and 6 q = 0.1% 



Aggregated Traffic (Erlang) 


Figure 1: Performance Improvement due to VOX fac- 
tor for various traffic loading 


Now, consider the case of a CD architecture. Let 
P c be the power required to achieve the bit error 
rate of 7 C per CD channel. We made a simplified 
assumption that the channel will be error-free when- 
ever the power exceeds P c . The number of channels 
available under the power constraint is then given 
by Np C>i — Unlike the FD concept, the maxi- 

mum number of communications channels is solely 
determined by the quantity Np C \ Under the demand- 
assigned approach, we can make a simplified assump- 
tion that the NCC controls the number of requests. 
In this case, the scenario operated under CD concept 
is similar to the FD architecture. Results developed 
in the previous section are valid for the CD concept 
under the demand-assigned approach. 


4 Performance Degradation 

This section relates the overloading probability to 
the required link margin (or degradation) for a given 
satellite transponder design point. If the link is lim- 
ited by uplink thermal noise, overloading effect can be 
negligible. On the other hand, if the link is severely 
limited by downlink thermal noise, overloading can 
cause significant degradation. Figure 2 shows the 
degradation of A^_, in dB as a function of per 
channel downlink power normalized to the design 
point value. Results in Figure 2 are parameterized 
by rf 1 where r\ is the ratio of downlink thermal noise 
to uplink thermal noise at design point. It should be 
noted that the satellite traveling wave tube (TWT) 
is assumed to be operating at constant output power 
in order to examine the impacts of voice activities. 
Effects such as interference and other channel impair- 
ments are ignored. 

Table 4 relates the overloading probability with the 
degradation Ac for a fixed design point as a func- 

tion of 7 ] for two traffic scenarios: high traffic (101 er- 
langs) and low traffic (21 erlangs). Results in Table 4 
are computed for the case with VOX and the satellite 
TWT sized for a fixed operating point corresponding 
to 5% overloading probability. Degradations of ^ 
are calculated as the overloading probability changes 
from 5% to 1%) to 0.1%). (In other words, system 
availability increases from 95% to 99% to 99.9% as 
shown in Table 4.) Entries in Table 4 for system 
availabilities of 99%) and 99.9% are based on Tables 2 
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arrival model. This paper includes the voice activ- 
ity in the model by incorporating a parameter u as 
discussed in Section 2. 


>7 



Normalized per Channel Downlink Power 


Figure 2: Degradation on the total ^ 

and 3. As expected, the degradation is more severe 
for low traffic systems. Based on the table, in order to 
achieve a high system availability (99.9%), a margin 
of about 2 dB is necessary for low traffic and down- 
link limited systems. For uplink limited systems, the 
degradation is negligible. For the case without VOX, 
lowering the overloading probability from 5% to 1% 
does not, in practice, result in performance degrada- 
tion. 


5 Throughput of Random Ac- 
cess CD Network 


Both CD and FD concepts can be utilized under the 
random access approach. This section provides a 
framework to evaluate the throughput of the CD net- 
work under the random access approach. It has been 
suggested [3] that a CD network should be operated 
at about 10 % of the total network bandwidth for rea- 
sonable error performances without specific coding 
techniques. This observation was supported by Xi- 
ang [ 4 ] in his detailed computation of the maximum 
number of subscribers for non-coherent-phase CDMA 
at BER of 10 -3 for non-fading channels. In [5], the 
maximum throughput for CDMA was derived for con- 
volutional coded systems. Later papers concentrated 
on calculating the bit error and packet error perfor- 
mance for different combinations of modulation and 
spreading techniques on various transmission condi- 
tions [ 6 , 7]. In [ 8 ], the throughput of a slotted random 
access CDMA system was derived under the Poisson 


We assume a slotted system where the arrival pro- 
cess is Poisson with an average aggregated arrival rate 
A c . Each subscriber transmits a packet of fixed length 
L. Let P c (m) be the probability of correctly receiv- 
ing a packet from a designated subscriber, given that 
there are (m — 1 ) other simultaneous transmissions. 
Let 5 be the throughput (packets/slot) of the ran- 
dom access CDMA system. Using the voice activity 
model described in Section 2, the throughput is given 

by 


S - p e e~ p ' ^2 -h p c{m + 1 ), 
' ml 


m — 0 


( 7 ) 


where p e = is the effective traffic and 77 is defined 
in Section 2. The quantity p c = A C T represents the 
aggregated traffic per slot, where T is the slot size. 
The average number of retransmissions is given by 


r av — 



Equation (7) represents a generic expression which 
relates the throughput of a CD network with the 
modulation and spreading technique. Once the prob- 
abilities of P c (m) are specified, the throughput of the 
CDMA system can be determined. The computation 
of P c (m) for a specific CDMA system is quite involved 
and is beyond the scope of this paper. In the follow- 
ing, we demonstrate the computation using (7) by 
three examples. Example 1 and example 2 illustrate 
two bounding conditions for a random access CD sys- 
tem. Example 3 shows the throughput of a sample 
CD system under the random access approach. 

Example 1 . Let P c ( 1 ) = 1 , P c {m) — 0 for m > 2, 
and v — \. This corresponds to a slotted ALOHA sys- 
tem without considering the advantage of the VOX 
factor under the CD concept. From (7), the through- 
put is given by 

S - p c e ~ pc . 

Example 2. Let P c (m) — 1 f° r all ??i, and v — 1. 
This corresponds to a perfect system with arbitrary 
number of CD channels without the VOX factor. The 
throughput is therefore p c . 

Example 3. Consider a binary direct-sequence 
spread spectrum system with random code sequences. 
Lehnert and Pursley [ 6 ] have provided the upper and 
lower bounds for the bit error probability. They also 
compared the performance with the Gaussian approx- 
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*1 

Degradation A^_(dB) for selected 
system availability and traffic 

Comments 

21 Erlangs 

101 Erlangs 

99% 

99.9% 

99% 

99.9% 

1 

1.0 

1.7 

0.6 

1.1 

extremely downlink limited case 

1 yo 

0.9 

1.5 

0.5 

1.0 

downlink limited case 

10 

1 

0.5 

0.9 

0.3 

0.6 

equal uplink and downlink noise 

10 

0.1 

0.2 

0.1 

0.1 

uplink limited case 

100 

0 

0 

0 

0 

extremely uplink limited case 


Table 4: Degradation of Total ^ based on 5% Overloading Probability Design Point 



EffectiveTraffic 

Figure 3: Normalized Throughput of the sample CD 
network in Example 3 


imation. In [7], it has been shown that the Gauss- 
ian approximation is accurate only when there are 
a large number of simultaneous subscribers on the 
channel; otherwise the approximation can be opti- 
mistic by several orders of magnitude. They com- 
puted the average probability of packet error versus 
the number of subscribers. Table 5 gives the P c (m) 
versus m. In Table 5, number of chips per data bit 
is 31, packet length is 1000 including the error cor- 
rection bits. The error correction capability of the 
code is assumed to be 10. In Figure 3, the normal- 
ized throughput of this CDMA system is denoted by 
ECC:10. Also in Figure 3, we include the case of 
no error correction capability for comparison. Notice 
that the vertical axis of Figure 3 is normalized by the 
bandwidth expansion of the sample CD network. 

Figure 3 shows that, for this sample CD network, 


the maximum throughput is smaller than that of the 
classical S-ALOHA network. In case of no error cor- 
rection capability (ECC:0 in Figure 3), the maximum 
throughput is less than half of that, of the S- ALOHA 
network. The maximum throughput of 0.35 packets 
per channel per slot of the sample CD network is at- 
tainable at 13.65 packets per slot offered traffic. In 
contrast, the S-ALOHA network achieves the maxi- 
mum throughput of 0.37 at 1 packet per channel per 
slot offered traffic. However, the 13.65 times increase 
in the offered traffic is in the expense of t he 31 times 
increase in the network bandwidth. If we can utilize 
the same increase of bandwidth for the S-ALOHA 
system, the effective traffic that can be supported is 
31 packets per slot. The efficiency of the sample CD 
network is therefore 1 — 44% of the S-ALOHA 

network. 

It should be noted that the maximum through- 
put is not the only measure to conclude the effec- 
tiveness of a CD network. Other system parameters 
such as delay, stability, achievable throughput, com- 
plexity of the terminal design, bandwidth availability, 
and the incorporation of the random access technique 
into an operational protocol must also be considered. 
Furthermore, the analysis presented in this paper is 
based on a set of simplified assumptions and a sample 
CD network. The incorporation of the noise activity 
in the random access model may not reflect realis- 
tic conditions. Different conclusions may be drawn 
if the scenario changes. Detail studies must be con- 
ducted to determine the advantages and disadvan- 
tages of each channelization concept . 


6 Summary 

The throughput of CD under the random access 
scheme and the effects of voice activity factor have 
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m 

Pc{m) 

771 

Pc(m) 

m 

Pc(m) 

1 

1.0 

11 

1.0 

21 

0.28 

2 

1.0 

12 

0.98 

22 

0.20 

3 

1.0 

13 

0.96 

23 

0.15 

4 

1.0 

14 

0.92 

24 

0.10 

5 

1.0 

15 

0.85 

25 

0.07 

6 

1.0 

16 

0.78 

26 

0.05 

7 

1.0 

17 

0.70 



8 

1.0 

18 

0.60 



9 

1.0 

19 

0.48 



10 

1.0 

20 

0.37 




Table 5: Probability of Success for various m of Ex- 
ample 3 

been investigated using a set of simplifying assump- 
tions. It has been shown that the traditional rule 
of thumb of dividing the number of raw channels 
by the voice activity factor to obtain the effective 
number of channels is only valid asymptotically as 
the aggregated traffic approaches infinity under the 
demand-assigned approach for both CD and FD net- 
works. The CD concept is compared with the tradi- 
tional FD concept under the random access approach 
and a projected traffic model. It can be seen that CD 
is not particularly attractive for the first generation 
MSS with limited bandwidth. However, the CD con- 
cept is a viable alternative for future systems such as 
the personal access satellite system in the Ka-band 
spectrum with ample available bandwidth. It should 
be noted that there are many other factors affect- 
ing the choice of CD versus FD. A number of studies 
have been performed in search for a proper resource 
sharing scheme for PASS from different perspectives. 
Some of the comparisons can be found in [9, 10]. 
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